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The purpose of this note is to present some of the characteristics

of the current system discovered by Explorer VI. These currents are

located at altitudes beyond 6 earth radii and thus .lie outside the Van

Allen radiation zones. The presence of the current system gives rise to
a major large-scale perturbation of the distant geomagnetic field. It
was on the basis of this field perturbation, which was observed by the

Explorer VI magnetometer, that the existence of this current was estab-

lished. In earlier work which has been published [Sonett R l960a,b] , it !
has been shown that the currents have the following characteristics. They

(l) are a persistent feature of the distant field and occur on both mag-

netically quiet as well as magnetically disturbed days , (2) tend to be

localized spatially, perhaps in the form of a toroidal ring, (3) show a

time variation, (4) probably do not represent términatiOﬁ A%ﬁ HteE %Wgnetic
field (which appears to take place beyond 10 R ), and (5)1hase 8 tokal
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These conclusions were based on & preliminary examination of the geo-
magnetic field deviations associated with the current. In order to establish
the characteristics of the current system itself, a model has been hypothesized
and the resultant field consisting of the geomagnetic and perturbation field
has been computed. These calculations have been compared with the observed
field in order to (1) test the applicability of the model and (2) evaluate
the parameters of the current system which best fit the data. The purpose
of the present discussion 1s to present some preliminary, but interesting,
results of these model calculations.

The search coil magnetometer measures the component of B perpendicular
to the spin axis of the payload, designated [B,|. [Sonett, l960c] In
addition there is a related experiment in the payload which providgs infor-
mation on the direction of the field camponent perpendicular to the spin
axis. This consists of an aspect indicator which measures the angle, §,
between-ﬁi and the vector from the vehicle to the sun proJjected into the
vehicle's equator.

Figure 1 represents the characteristic results from these two experi-
ments obtained along the outward branch of an orbital pass. [Bl[ and é are
shown as a function of geocentric altitude. In addition to the data points,
heavy curves are shown representing theoretical values of the extrapolated
geomagnetic field. The data represents an actual comparison between the
absolute experimental values and the theoretical calculations (based on a
spherical harmonic expansion of the earth's field as measured at the surface) .
This figure shows clear evidence in both measurements of the perturbation of

the distant field. Figure 2 presents an expanded view of the region of




interest (actually the data was taken 25-1/2 hours earlier than that shown
in Figure 1).
Explorer VI provided two kinds of telemetered data. The magnetometer
signal (a sinusoid at the spin frequency of the payload whose amplitude is
proportional to IBll) modulated a subcarrier oscillator whose output was
telemetered to the ground as a direct analog signal. The magnetometer signal
also went to a digital-telemetry-unit ("telebit"), where the analog signal
vas converted into a digital signal. A binary "word" (or number) was
continuously stored in a memory unit. The memory unit was sampled periodic-
ally and the digital word was telemetered to the ground stations. The use
of these two calibrated outputs provided a check on the quality and accuracy
of the telemetered data.
Digital data obtained simultaneously with the analog data has been
included in Figure 2 so the two output signals may be compared. The
length of the vertical line associated with the digital data represents
the maximum uncertainty in the measurement as a consequence of digitization.
There is substantial agreement between the two results.
Figure 3 is a diagram presenting the essential features of the model
calculation. The assumptions involved are the following:
(1) The current volume is cylindrical in shape with a circular
cross-section of radius, a.

(2) The center of the current-cylinder is located at a distance
Ro from the center of the earth and lies in the geomagnetic
equator.

(3) The total current has a magnitude I which is uniformly distributed
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throughout the volume and flows westward.

One analog of such a model would be a circular current enclosing the
earth as envisaged long ago by Stormer [l9ll] and by Chapman and Ferraro
[1941J . This approach to the problem is essentially phenomenological;
there is no consideration of the microscopic motion of particles. The
utility of such a simple model lies in simplifying the calculations of the
perturbation field due to the current. On the basis of individual particle
motion in the inhomogeneous magnetic field, it has previously been suggested
that such a model is physically meaningful [Singer, 1957] s, though we con-
sidered it significant thatAB shows gross changes, thus raising a question
as to the applicability of Alfven perturbation theory.

The calculations are complicated by the necessity of specifying the
trajectory of the payload and the fact that the magnetometer detects a
rather arbitrary component of the magnetic field which depends on the
orientation of the spin axis in space. The calculations were programmed
for a computer as follows:

At a given point slong the trajectory,

(1) the perturbation field due to the current was computed;

(2) 1t was added vectorially to the geomagnetic field obtained

from the same spherical harmonic expansion as was used
previously;

(3) ‘both the net lBll and @ were computed.

The results of these calculations are presented in Figure 4. A close
fit to the experimental data 1s obtained for the following values of the
perameters

- 3 -
R = 60.10° km(~ 10 R, )




I= 5elO6 amperes

a =3 R, or less (no penetration of the
current by Explorer VI
on this day)

The region of space being sampled by the Explorer VI payload lies on
the evening side of the earth at about 2100 hours local time. Clearly, it
is desirable to sample a different region of space to determine the gross
characteristics of the current system. This is particularly important
insofar as it relates to closure of the current system and to the estab-
lishment of whether or not the perturbations are due to a toroidal ring
current. Such an opportunity was provided by Pioneer V which carried a
similar magnetometer and which passed through the geomagnetic field on
the afternoon side of the earth.

Figure 5 presents the sampled, digital field measurements obtained
during the early part of the Pioneer V flight through the geomagnetic
field. Also shown are the results of the model calculation using the

followling parameters:

Ro = 50,000 km
= . 5.106 amp
= 5 Re

An important feature of the agreement is the fact that the data
cannot be adequately fit for values of a less than 3. Therefore, this
establishes the minimum cross-section of the ring at this time, just as

the data in Figure 5 sets an upper bound of 3 earth radii at the time




those measurements were made.
It is considered that the close agreement with the model and the
similarity of the values of the parameters in these two regions of space

strongly suggests the existence of a ring current around the earth at

altitudes of approximately 10 earth radii.




REFERENCES

Chapman, S., and V.C.A. Ferraro, The Geomagnetic Ring Current, Terr.
mgu )'"6, 1-6, l9h‘lo

Singer, S. F., A New Model Of Magnetic Storms and Aurorae, Transactions
Amer. Geophys. Union 38, 175, 1957.

Sonett, C. P., E. J. Smith, D. L. Judge, and P. J. Coleman, Jr., Current
Systems In The Vestigial Geomagnetic Field: = Explorer VI, Phys. Rev.
Letters, L4, 161-163, 1960a.

Sonett, C. P., B. J. Smith, and A. R. Sims, Surveys Of The Distant
Magnetic Field: Pioneer I and Explorer VI, Proceedings Of The First
International Space Science Symposium, 1960b, in press.

Sonett, C. P., D. L. Judge, J. M. Kelso, and A. R. Sims, A Radial Rocket
Survey Of The Distant Geomagnetic Field, Jour. of Geophys. Res.
65, 55-68, 1960c.

Stormer, C., Sur les trajectoires des corpuscles electrises dans l'espace
sours l'action du magnetisme terrestre avec application aux aurores
boreales, Arch.. Sci. Phys. et Nat., 32, 117-123, 190-219, 277-31k,
415-436, 501-509, 1911.




SPNGTRTV OTJIJUSD08) JO UOTIOUNI ¥ SY PTST] TBTIFSIIINGBIIXT SY,

¥2000-2009-09- 14

(WX 0001) 3aNLILTV JIMINIO039

ot ot 02

Ol

VLva IVINIWIHIHXT e
319NV TVIILIHOIHL—

*T 9m3TJ

06l

002

0s¢e (930) &

V1iva TVINIWIHIEX3T o

voIL3M0aHL [verg)---

O1L3403HL |Te| —

656l 1Lsnonv ol

JIONVY 3SVHd
00¢
0ose
ol
No_
(ssnvo ¢_01)
| 78|
¢Ol
4Ol



uoTdey uoTYeTASQ OYI, UI STSuy oswvyq puy Spn3TTduwy PTSTL °2 SIM3BT4

¥2000-1009-09-10

(WX 0001) 3aNLILTVY JIMLN3IDO039

0S St ob o ot
osl
%M@% Y =
R * 002
(o]
v.1va IVANIWRIDX3 © F
—] 5 osz , (930)®
F19NV TVIILIHOIHL— T~ o 39NV ISVHd
—— 00¢
. ose
0S b ob og Of
0l
§
§o ¢
(vLioiq) o o
VLV WANIWIHIX3T v ) ®
(90TUNY)
ViVa WAINIWIE3HX3 o o (ssmvo
IWoIL3H03HL | WoLg|- - e _._.mn_-o:
WOIL3YO3HL |Ta| —
6561 LSNONV 6
ol




| 1000-€009-09-1d Tapor! quaaan)~-2uty ayy °£ aanfra

I=1LN344ND TVLOL N



B, (1075 GAUSS)

PHASE ANGLE ¢ (DEGREES)

103 T a

9 AUGUST 1959
—B; THEORY (GEOMAGNETIC

~ FIELD PLUS PERTURBATION)
O~ © EXPERIMENTAL DATA
\}D\ =1
10°
0!
30 35 40 45 50
£
350 —85 THEORY (GEOMAGNETIC
FIELD PLUS PERTURBATION)
300 © EXPERIMENTAL DATA
250
>
200 -
R P
150
100

30 35 40 45 50
GEOCENTRIC ALTITUDE (1000 KM)

Tigure 4. Comparison Between The Results Of The iodel
Calculation And Explorer VI Data
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Tigure 5. Comparison Between The Results Of The Model
Calculation And Pioneer V Dats



